• Outlines how dentistry can be practised in an evidence-based manner.
INTRODUCTION
The concept of evidence-based health care has assumed major importance in providing optimal treatment modalities for patients. 1 From one perspective, 'evi dence-based' is practically a buzzword in healthcare circles because it is spoken of, quoted, and used as a basis for clini cal arguments. However, there appear to be many misunderstandings concerning the concept of evidence-based health care, and this may result in the term being abused. The purpose of this article is to dispel any confusion concerning the concept of evidence-based health care in a simple question-and-answer format covering concepts, methods, and interpretation with the ultimate goal of improved patient care.
WHAT IS EVIDENCED-BASED HEALTHCARE?
It is an integration of best available research evidence with clinical exper tise and patient values. 1 When these three elements are combined, clinicians and patients form a diagnostic and ther apeutic alliance which optimises clinical outcomes and quality of life.
WHY EVIDENCE-BASED?
Life is full of choices. What are we hav ing for dinner tonight? Where are we going shopping tomorrow? These choices can be made simply by deciding what one wants. However, when we are faced with more complex situations, what we want is probably not enough. What brand of com posite do we choose over another? Which treatment regimen should be offered to our patients and on what basis? We need solid foundations on which our decision making process can rely. Evidence-based healthcare concepts suggest that these foundations are: 1) research evidence, 2) clinical expertise (eg operator capability and satisfaction) and 3) patient values (eg patient satisfaction, cost).
Clinicians are continually over whelmed with an unmanageable amount of healthcare information from a variety of sources. In dentistry, there are over 500 journals publishing over 43,000 research articles a year. 2 How do we cope with this amount of information and yet still be able to provide the current best available treatment to our patients? Evi dence-based dentistry (EBD) can help, at least in part.
HOW DOES THIS CONCEPT HELP CLINICIANS AND THEIR PATIENTS?
It helps to improve the decision-making process making it more objective, con sistent, and up-to-date. This ultimately improves the quality of treatment the clinician can provide and the level of healthcare for the patient.
HOW DO WE ACTUALLY PRACTISE EBD?
Essentially it consists of fi ve steps: a) Converting the need for informa tion (about prevention, diagnosis, prognosis, therapy, causation, etc) into an answerable question b) Tracking down the best evidence with which to answer that question c) Critically appraising that evidence for its validity (closeness to the truth), impact (size of the effect), and applicability (usefulness in our clinical practice) d) Integrating the critical appraisal with our clinical expertise and with our patient's unique biology, values and circumstances e) Evaluating our effectiveness and efficiency in executing steps a)-d) and seeking ways to improve these for the next time.
PRACTICE

WHAT IS THE QUESTION?
Asking the right question is the fi rst step in getting the right answer. The evidence-based concept suggests that the question should be formulated in the form of a PICO (Problem, Intervention, Comparison, and Outcome) question, 3 which makes the question clearly defi ned and more likely to be answerable.
An example of such a question is: In patients undergoing endodontic treat ment for apical periodontitis (teeth with an infected root canal system), does sin gle-visit endodontic treatment without a calcium hydroxide dressing, compared to multiple-visit endodontic treatment with a calcium hydroxide dressing for one week or more, result in a lower heal ing ('success') rate (as measured by clini cal and radiographic interpretation)? 4 In this question the Problem is apical peri odontitis, the Intervention is endodontic treatment; the Comparison is single and multiple-visit endodontic treatment, and the Outcome is healing rate of two treat ment regimens.
WHAT IS EVIDENCE?
Simplistically, evidence is everything. Articles appearing in peer reviewed jour nals are evidence. Systematic reviews and randomised controlled clinical trials are evidence. Expert opinion or even our experiences with individual patients are evidence. The key is their order or their credibility as is explained below.
In order to determine what kind of evidence is more reliable consider the following comparisons.
Systematic study vs. clinical impression and/or experience
Bias cannot be controlled effectively in clinical impression and/or experience.
Operator bias: one clinician's treat ment outcomes are better than others. It has been shown that dentists are less likely to prescribe amalgam refi lling of their own fillings compared to fi llings done by others. 5 Radiographically, endo dontic lesions tend to heal more promptly if the operators read their own fi lms. 6 This bias can be reasonably eliminated in systematic studies.
Population bias: patients are not ran domly selected from the population and are not randomly distributed in the dentist's interventions, and, so, gener alisation or extrapolation to other clini cian's patients are unlikely to be valid. 7 This bias can be reduced or eliminated in some study designs (eg randomised control trials).
In non-controlled environments (eg private practices) correlation and causa tion cannot be distinguished. For exam ple, haemorrhagic fever prevalence is very high in the rainy season. Does rain cause haemorrhagic fever? A reasonable person would say 'unlikely'. Because fever prevalence and quantity of rain correlate, that does not mean they are cause and effect. Factors affecting treat ment outcomes are much more com plex than this example. Clinicians can be deceived easily by correlation. For example, after using Product X in ten patients, the clinician finds that a week later all endodontic symptoms have dis appeared. This is a desirable result, but what does it really mean? Does Product X resolve endodontic symptoms? Should we always use Product X? The truth is that it means nothing, or virtually noth ing. The main reason is because there is no control group. Hence, it is not known whether without Product X all symp toms would have resolved anyway? Again, systematic studies in a control led environment can reduce or eliminate bias and/or confounders.
Scientifi c logic
In dentistry, where clinical trials are expensive, time-consuming and not popular, good quality evidence is lack ing. Direct evidence is generally unavail able. For example, sodium hypochlorite (NaOCl) has been used in endodontics for decades, yet we do not have direct evi dence indicating the benefits of NaOCl in the improvement of treatment outcomes. Why do we still use NaOCl when direct evidence is lacking? The answer is sci entific logic. Although direct evidence is lacking, and the association of treatment success with the use of NaOCl has never been established, this does not preclude us from logical thinking.
Here is an example of a simple logi cal thought process: Apical periodonti tis is caused by bacteria. [8] [9] [10] Removal of the cause should cure the disease. This notion is also substantiated by a study showing that bacteria-negative canals have a better chance of healing (disease cured).
11 NaOCl can eliminate bacteria. 12 Therefore, because the cause is removed, the disease should then be cured. This thought process is termed scientifi c logic. This is also considered evidence. In dentistry, scientific logic is used exten sively because direct evidence is scarce, albeit much more reliable and more clinically relevant.
Clinical vs. laboratory studies
Of the articles published in the Jour nal of Endodontics during 1989-1990, 21.3% were laboratory leakage stud ies. 13 This figure indicates that leakage studies comprise a major part of endo dontic research, and this is likely to be true even now. The results of those stud ies can be so contradictory that very few conclusions can be drawn, if at all. For example, one laboratory study concluded that root canals can be completely con taminated after bacterial challenge in 19 days. 14 But what does this actually mean clinically? Does it mean retreatment of every root canal after gutta-percha is exposed to saliva for 19 days? A clini cal study, on the contrary, has shown otherwise, 15 specifically that the loss of the coronal restoration had little impact on the healing rate or endodontic suc cess. Even though the sample size was much too small to draw a defi nitive con clusion, the data in this paper suggested (and only suggested) that the problem of coronal leakage may not be of such a great clinical importance as implicated by numerous laboratory leakage studies, provided instrumentation and root fi ll ing are carefully performed. Most bac terial leakage studies can only indicate whether there is bacterial leakage and how soon leakage occurs. Furthermore, one bacterium or 10,000 bacteria dif fer greatly in terms of disease-causing potential. Another signifi cant point that a laboratory study can never be able to take into account is the host defence mechanism. The human body is extraor dinarily complex, and it is impossible to completely and accurately simulate clinical conditions in bench top studies. Although bench top studies have many advantages, clinical studies are more appealing and more relevant, especially to clinicians.
Clinical studies: what kind?
Basically, clinical studies test the asso ciation between a factor 'X' and an event 'Z'. 16 And if it exists, how strong is that association (Fig. 1)? 
Why is the randomised controlled trial the gold standard?
This design can minimise confounders, which are 'hidden' variables in a study that affect the variables in question but are not known or acknowledged, and thus (potentially) distort the result ing data. 17 This design can also max imise control over the environment providing the most convincing causal relationship.
Hierarchy of evidence or quality of evidence (Fig. 1)
The following order is considered: 18 1. Systematic review and meta-analysis 2. Randomised controlled trial (RCT) 3. Cohort studies 4. Case control studies 5. Cross-sectional surveys 6. Case series or case reports 7. Expert opinion.
What is the basis for this hierarchy?
• The systematic review represents the highest quality evidence because it is a summation of the current best (quality checked) individual studies
• The design with randomisation can minimise confounders and selection bias because it leaves only chance to play a role in deciding which subject receives what treatment
• The design with a prospective nature allows researchers to have more con trol over the environment
• Treatment and disease effects take time to develop, therefore the design with no time element (eg cross-sec tional surveys) has limited ability to differentiate between cause and effect
• There is no control group in a case series or case report. It is merely a report of an event, which can be caused by several undetermined factors
• Expert opinion is difficult or virtu ally impossible to critically appraise.
Peer-reviewed journals: why?
Articles published in peer reviewed journals have been scrutinised by ref erees, who usually are experts in that particular area. Chances are that seri ously flawed studies are less likely to pass through the review process and be published in these journals, but this is not always the case. In view of evidence based concepts, articles should be criti cally appraised according to their merits (quality of their study design, materials and methods) rather than in what jour nal they are published.
'Grey' literature represents articles published in non-peer-reviewed journals eg Dentistry Today, Australasian Dentist. Academically, they are considered low in value. However, in strict adherence to evidence-based concepts, grey literature should be identified and included in the analysis. Such literature can be excluded from analysis only because of merit and merit alone. It should not be excluded because it is not peer-reviewed.
How do we know that a journal is peer-reviewed?
Bowker's Ulrichs website http://www. ulrichsweb.com/UlrichsWeb/ is a web site designed for the convenience of librarians regarding purchasing and organising journals. This site contains journal details such as publishers, coun try of publication, subscription fee, and also whether the journal is refereed or peer-reviewed.
WHERE CAN THE EVIDENCE BE FOUND?
The significance of locating all available and relevant evidence cannot be over emphasised in the evidence-based con cept. The current best available evidence should dictate clinical decision-making and, in fact, is the very foundation of the evidence-based concept. To obtain current best available evidence, all rele vant evidence must be located, critically appraised and ranked.
Relying on one or a few studies as the basis for treatment recommendations is not very prudent. A useful analogy is the series of clinical studies compar ing the effects of quality of obturation and restoration (apical vs. coronal seal) on healing. In the first such study Ray and Trope 19 concluded that the quality of the coronal restoration was signifi cantly more important than the quality of endodontic filling to treatment outcome (P <0.001, Chi square test) (odds ratio = 2.6; 95% CI; 1.8 to 3.9). However, a suc ceeding article 20 reported the completely opposite result. When fi ve studies inves tigating the same issue [19] [20] [21] [22] [23] were identi fied and were statistically combined, a different picture emerged. The highly significant result in Ray and Trope then became non-significant (P = 0.55) with odds ratio of 0.8 (95% CI; 0.3 to 1.8) (meta-analysis data using the random effect method, RevMan Version 4.2.7). Therefore, the quality of the coronal seal is as important as the quality of the api cal seal to treatment outcome, and both have an equal impact on prognosis. This emphasises the point that one study is not sufficient, and that all relevant evi dence must be identifi ed.
Databases 7.1.1 The Medline database
This is a database of biomedical cita tions and abstracts. Medline covers over 4,800 journals published in the United States and more than 70 other coun tries primarily from 1966 to the present. Medline includes references to articles indexed with terms from the National Library of Medicine's controlled vocabu lary, MeSH ® (Medical Subject Heading). Citations in Medline are from journals selected for inclusion in the database. Essentially, Medline is the most popu lar and the most comprehensive data base for healthcare information, and citation information is electronically accumulated every day. There are sev eral search service providers sharing the same Medline database eg Pubmed, Ovid Medline, SilverPlatter etc. Pubmed is a website providing free services using the Medline database, and is made pos sible by the National Institute of Health of the USA. It is the starting point for every search, but for complex search strategies, there are some limitations on Pubmed, and so Ovid Medline may be a better place to run such a search.
The EviDents search engine
http://medinformatics.uthscsa.edu/ EviDents/ This is a search engine designed spe cifically for evidence-based dentistry by the University of Texas. It is a complex Medline search strategy made simple by embedding pre-designed search strate gies in the EviDents webpage, and the user simply clicks the form. It has ben efits from a practical viewpoint, but the benefits are limited, because there are very few good quality clinical studies in dentistry. Also the pre-designed search strategy is quite sensitive in some areas resulting in far too few studies matching their criteria.
The Embase database
This is a Medline counterpart, but is a European initiative. It has better cover age of non-English languages and Euro pean based journals. Articles in Embase are assigned more index terms than those in Medline, and consequently peo ple using Embase may be less likely to miss an important article but must spend more time browsing through irrelevant material. The overlap of journals in the Medline and Embase databases is about 34%, 24 and it has been shown that using both improves the coverage of the lit erature. 25 Embase complements Medline and vice versa. To retrieve important articles that are not indexed in Medline, it is essential to use Embase in searches conducted for a comprehensive review, or to find rare case reports. Embase is more expensive, more time-consuming to use, and perhaps less accessible than Medline. For information about drugs and therapeutics, Embase should be used, and especially when Medline has not retrieved sufficient information or when more comprehensive coverage of the literature is required. From a dental perspective, however, Embase has few advantages over Medline.
The Science Citation Index database
A unique feature, which does not exist in other databases, is that this index can find follow-up work done on a key arti cle. This process is called a secondary search. This feature is benefi cial when a definitely relevant article (key arti cle) has been located, and subsequent papers can be traced. Chances are that if the later article tried to answer the same questions as the earlier article, the earlier article should be cited by the later one.
The Cochrane library database
The Cochrane library provides sys tematic quality checked summaries of all the evidence on a particular topic. Theoretically, a search should start here because this database contains the most up-to-date and the most methodologi cally stringent systematic reviews and meta-analyses. Because dentistry was left far behind in the evidence-based movement, currently, this database has little benefit, if any, in the dental fi eld.
Nevertheless, for the sake of com pleteness and comprehensiveness, all mentioned databases should be searched thoroughly.
How to locate evidence
This section summarises the basic tech nique which has been detailed by a series of articles. 3, 18, 26 In the Medline database an article is indexed using specific rules by the National Library of Medicine (NLM) of the USA. The indexing information is supplied by publishers and is also gen erated electronically by NLM. To track Further, search adjuncts, such as Boolean operators (Fig. 2) , provide assist ance and some control during literature searches. Boolean (named after logician George Boole) is a term used in mathemat ics, logic and computer science, and rep resents an expression with two possible values, 'true' and 'false'. The most com mon Boolean functions are AND, OR and NOT. For example, a 'calcium hydroxide AND bacteria' search strategy will show articles containing these two words in the same article. A 'calcium hydroxide OR bacteria' search strategy will show arti cles containing either the word calcium hydroxide or bacteria. A 'calcium hydrox ide NOT bacteria' search strategy will show articles containing the term calcium hydroxide without the word bacteria.
Truncation symbols (also known as Wildcards) are symbols used to repre sent various characters, and the asterisk symbol (*) is a commonly used wildcard. For example: 'stabilis*' would include stabilisation OR stabilising OR stabi lised (ie any words with any characters following 'stabilis' will be detected and shown in the search).
Locating an article already known to exist
For example, to retrieve the full text article by Love (1996) on how deep bac teria penetrate into dentinal tubules, the following sequence is followed (Fig. 3): 1. Go to the Pubmed website 2. Click 'Limit' 3. Type 'love' in the bar 4. Click the drop down list of 'All Fields' and select 'Author' 5. Enter publication date from 1996 to 1996 6. Click the drop down list of 'Subset' and select 'Dental journals'.
The resulting screen shows nine arti cles that match the search criteria, and browsing these reveals article number 7 as the required paper (Fig. 4). 
Answering a very specifi c question
For example, does routinely reducing the occlusion of teeth undergoing endodon tic treatment reduce the chance of inter appointment pain? Thus, to fi nd every article that relates occlusal reduction to endodontics, the following sequence is indicated: 1. Go to the EviDents website (Fig. 5) 2. Type 'occlusal reduction' in the 'Problem' bar 3. Click 'Endodontics' in 'Clinical area' 4. Leave the other options in the default settings 5. Click 'Search' 6. The EviDents site will link to the PubMed website showing eight articles (Fig. 6 ).
After browsing through these articles, the article that is most likely to give an answer would be article number 4. Namely: The effect of occlusal reduction on pain after endodontic instrumenta tion. J Endod 1998; 24: 492-496.
The abstract of this paper indicates the study design to be a randomised controlled trial, which provides the most convincing causal relationship between occlusal reduction and pain (or the reduction of pain) after endodontic treatment. Therefore, this could be a key article. To make the search more com prehensive, a secondary search is run on this article in the Science Citation Index database, to determine what arti cles were cited by this key article and also what articles have cited this key article (Fig. 7) . This key article will appear, then click on this article (Fig. 8)  6 . The next page will show that this key article has 13 references, and this key article was cited by three articles (Fig. 9 ) 7. Check all 16 articles 8. Two more potentially relevant arti cles will be detected, which need to be verified by full text only.
• After this comprehensive search, finally, there are three articles to read and from which to obtain information. 
Obtaining general information quickly about a well defi ned topic
What to do when a number of irrelevant articles are retrieved
In this case a Boolean 'NOT' could be used to exclude irrelevant articles. The initial search strategy in Sathorn et al. 4 gave hundreds of articles which contained the term single, multiple, appointment and endodontics. Most of them were arti cles comparing flare-up rates, which, of course, were not relevant. To exclude flare-up studies from the initial results, 'NOT' was added in search strategy by typing 'NOT flare up' in the bar. The result will then be narrowed down.
HOW TO CRITICALLY APPRAISE EVIDENCE
Once all available evidence has been located, the next step is to ascertain whether the evidence can be trusted and is relevant.
The single most important element of evidence appraisal is probably com mon sense, which takes time and effort to develop fully. For beginners of evi dence appraisal, the following can serve as aids.
CASP
http://www.phru.nhs.uk/casp/casp.htm The Critical Appraisal Skill Program (CASP) is a program developed by the National Health Services of the UK. It aims to enable individuals to develop the skills to find and make sense of research evidence, helping them to put knowledge into practice. This program has developed critical appraisal tools for different kind of studies. These tools can be downloaded from http://www.phru. nhs.uk/casp/appraisa.htm.
The tool consists of a series of ques tions, which are adapted largely from Guyatt et al. 27 CASP, however, has made the questions succinct, concise and sim ple for beginners. By trying to answer every question in a critical appraisal tool not only will readers be able to determine the credibility of the paper, but they will understand the paper more thoroughly. 
CONSORT guidelines
CAN THE RESULTS FROM RESEARCH EVIDENCE BE IMMEDIATELY APPLIED?
'Not quite' is probably the answer.
Patient
First of all, one must ask oneself whether the particular patient would be included in the studies. If this patient will be included, then the conclusion from the evidence can and should be applied to this patient. For example, in Sathorn et al., 4 one of the exclusion criteria was retreatment cases. That means that if the patient required endodontic retreatment, then this patient would be excluded from the study, and as a result, conclu sions from Sathorn et al. 4 should not be applied to this patient. Basically, the inclusion and exclusion criteria of the studies should be applied to the particu lar patient, and if applicable, then the patient may benefit from the conclusions of the evidence.
Operator
Again, the clinician should ask, whether s/he could be one of the operators in the studies. In Sathorn et al., 4 it is made clear that to apply the conclusions in the paper to one's patients, the operator should be certain to provide the same treatment standard as the operators in the studies. Operator skill will always be an issue because different operators pos sess different levels of dexterity.
Patient's unique values
Our patients are human and they have preferences. Treatment effectiveness might not be their highest priority. For example, in cancer treatment, a highly effective treatment protocol could dete riorate a patient's quality of life a great deal. A patient might choose quality of life over treatment effectiveness, and we as professionals should respect their autonomy.
Patient circumstances
Identical patient, doctor and environ ment, but different circumstances could result in different treatment regimens. For example, although MTA apexifi ca tion lacks clinical evidence supporting its benefits, it could and probably should be the treatment of choice in patients of low compliance especially with time constraints.
SUMMARY AND CONCLUSIONS
The evidence-based concept is a thought process designed to find the truth, or what is as close to the truth as possible, and makes the full use of it in clinical practice. It makes research evidence and literature more relevant to clinicians. Importantly, it asks more from the clini cians: not only must they master their clinical skills, and manoeuvre their manual dexterities, but also their deci sion-making has to be logically and sci entifi cally justifi able.
